A widespread epidemic of Zika virus (ZIKV) infection was reported recently in South and Central America. The biggest concern to the ZIKV infection is the significant increase of microcephaly in the fetus born to the infected mother (Brasil et al., [@B4]; Johansson et al., [@B8]; Mlakar et al., [@B11]). The placenta acts as a barrier against the infection, due to its multiple unique structural, cellular and immune properties. However, the placenta may also play an important role in the virus transfer. One possibility is that the virus penetrates through the placental barrier. Zika virus could be packaged as a cargo for the placental exosome pathway at the endoplasmic reticulum in trophoblast cells. Then the secretory autophagy-pathway may cause secretion or expulsion of the viral particle rather than its degradation (Zhang et al., [@B18]). Alternatively, the infection to the placenta may induce several immune responses and lead to brain defects indirectly (Adibi et al., [@B1]). A recent study indicated that the ZIKV genome could be detected in the amniotic fluid (Calvet et al., [@B5]), and the complete genome of ZIKV can be also recovered from the fetal brain (Mlakar et al., [@B11]), all of which confirm that the virus can cross the placental barrier (Mysorekar and Diamond, [@B13]).

*In vitro* studies confirmed that ZIKV, but not the closely related dengue virus or West Nile virus, can infect key placental barrier cells efficiently (Richard et al., [@B16]). Although some reports indicated that Zika virus infection triggers apoptosis and vascular damage in the placenta, which may increase the permeability of the placenta (Aldo et al., [@B2]; Melo et al., [@B9]; Miner et al., [@B10]), two recent studies suggested that most trophoblast cells succeed in blocking ZIKV infection or only permitting a very low viral replication level (Bayer et al., [@B3]; Quicke et al., [@B15]). However, no other pathogenic flaviviruses cause congenital defects. Miner and colleagues\' work mainly focused on placental and fetal cytological changes. They found that ZIKV infection induces trophoblast apoptosis and vascular damages in the placenta (Miner et al., [@B10]). El Costa et al. ([@B6]) also demonstrated that ZIKV infects and damages tissue architecture of the fetal placenta, the maternal decidua basalis and umbilical cord. The structure of the placenta is complex, which is comprised of the maternal decidua and the fetal-derived compartments, including the labyrinth and junctional zones. Different types of trophoblast cells reside within all three layers. In the labyrinth-zone, fetal capillaries are lined by fetal blood vessel endothelium, which are segregated from maternal sinusoids by a layer of mono-nuclear trophoblasts and a syncytio-trophoblast bilayer (Adibi et al., [@B1]; Miner et al., [@B10]). However, only minimal trophoblast cell death was observed after the infection (Quicke et al., [@B15]) and thus the placental barrier might remain relatively intact. On the other hand, the placenta continues to produce trophoblast-derived interferons and other trophoblast-specific antiviral factors (Bayer et al., [@B3]; Quicke et al., [@B15]). Therefore, most ZIKV was blocked by trophoblast cells and the viral placental transfer might be a time-consuming process.

Placental transfer suggests that ZIKV must be transferred to the embryo at the early brain development stage (e.g., at the first trimester; Mlakar et al., [@B11]). However, at that time, the embryo has been shielded from the maternal blood, which nevertheless flows into the placenta only after 10 weeks of gestation (Adibi et al., [@B1]). Consistent with these structure changes, a tissue-level analysis in a case where the mother was infected at 7 weeks and miscarried at 12 weeks confirmed that the trophoblast was not infected by ZIKV at that period (Noronha et al., [@B14]). Thus, the virus may not reach the embryo before the first trimester.

However, for cases of ZIKV exposure in pregnancy, it is established that the greatest risk of microcephaly is in the pre-conception period and the first trimester (Johansson et al., [@B8]). In a case of late pregnancy, where infection occurred at 32 weeks, the virus was not detected in the fetal circulation, but it was detected in the placenta (Noronha et al., [@B14]). Similarly, in two cases of infection at 36 weeks, the virus was not detected in the infant\'s blood, although the newborns showed subependymal cysts (a kind of cerebral cysts) and lenticulostriate vasculopathy (lenticulostriate artery deformation) and they had normal neurological development for age as of the first postnatal month (Soares de Souza et al., [@B17]). Therefore, the viral placental transfer may take some time. Analysis of the clinical data (Brasil et al., [@B4]; Noronha et al., [@B14]; Soares de Souza et al., [@B17]) suggests that the virus may take about 5 weeks to reach the fetus for most cases (Table [1](#T1){ref-type="table"}).

###### 

**Time intervals between infections and abnormal findings of fetuses**.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Fetus/Case No. (Reference)**            **Week of gestation at Infection**   **Week of gestation at the time of first abnormal finding of the fetus or the time of birth**                          **Predicted time length of viral placental transfer (Weeks)**
  ----------------------------------------- ------------------------------------ ---------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------
  Case 1 (Noronha et al., [@B14])           7                                    Miscarried at 12 weeks\                                                                                                \>5
                                                                                 (No fetal virus or neurological abnormality was found)                                                                 

  Case 5 (Noronha et al., [@B14])           32                                   Birth at 37 weeks\                                                                                                     \>5
                                                                                 (No fetal virus or neurological abnormality was found)                                                                 

  Case 1 (Soares de Souza et al., [@B17])   36                                   Birth at 38 weeks\                                                                                                     \>2
                                                                                 (subependymal cysts and lenticulostriate vasculopathy at birth, however has a normal neurological development later)   

  Case 2 (Soares de Souza et al., [@B17])   36                                   Birth at 39 weeks\                                                                                                     \>3
                                                                                 (subependymal cysts at birth, however has a normal neurological development later)                                     

  Fetus 24 (Brasil et al., [@B4])           12                                   29                                                                                                                     17

  Fetus 41 (Brasil et al., [@B4])           12                                   24                                                                                                                     12

  Fetus 39 (Brasil et al., [@B4])           21                                   30                                                                                                                     9

  Fetus 17 (Brasil et al., [@B4])           22                                   26                                                                                                                     \>4

  Fetus 12 (Brasil et al., [@B4])           22                                   27                                                                                                                     5

  Fetus 10 (Brasil et al., [@B4])           25                                   30                                                                                                                     5

  Fetus 36 (Brasil et al., [@B4])           26                                   35                                                                                                                     9

  Fetus 38 (Brasil et al., [@B4])           27                                   35                                                                                                                     8

  Fetus 2 (Brasil et al., [@B4])            30                                   Birth at 34 weeks\                                                                                                     \>4
                                                                                 (Normal at birth)                                                                                                      

  Fetus 53 (Brasil et al., [@B4])           32                                   Still birth\                                                                                                           6
                                                                                 (Fetal death at 38 weeks)                                                                                              

  Fetus 23 (Brasil et al., [@B4])           35                                   Birth at 40 weeks\                                                                                                     5
                                                                                 (Electroencephalogram abnormalities)                                                                                   
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

As mentioned above, ZIKV infections may also induce acute inflammatory responses with up-regulation of interferons and cytokines and the indirect effects to the fetus (Adibi et al., [@B1]; Bayer et al., [@B3]; Mor, [@B12]; Quicke et al., [@B15]). Two case reports from Soares de Souza et al. ([@B17]) indicated some congenital brain injuries in the blood ZIKV-negative fetuses (or the virus levels were under the limit of detection). The fetal brain injuries may be caused by the maternal infection indirectly, if the virus did not reach the fetus birth. Besides ZIKV, other flaviviruses also induce the cytokine storm. However, no relevance between any other flavivirus and microcephaly has been reported so far. Thus inflammatory responses may not play a major role in the incidence of lethal microcephaly.

We can postulate that if most ZIKV was cleared before it reaches the fetus, the incidence of microcephaly may be greatly decreased. The interferon therapy might help to clear the virus within 5 weeks. Alternatively, a combination of interferon with vaccines, newly-developed antiviral agents (e.g. *2*′*-C*-methylated nucleosides; Eyer et al., [@B7]) or exosome-specific inhibitors (Zhang et al., [@B18]) should be adopted for this therapeutic time window. The infection early in pregnancy may give the virus plenty of time to transfer through the placental barrier. And if the infection occurs early in pregnancy, the treatment window would be even longer, perhaps over 12 weeks.
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